Celiac Disease (CD) is a rare autoimmune disorder with manifestations at different levels including the central nervous system. The disease develops as a consequence of intolerance to gluten on individuals with genetic susceptibility. It originates as a result of the interaction between genetic and environmental factors, on individuals predisposed, through a faulty immune system response to prolamin derived peptides. Usually the diagnosis is established based on clinical suspicion, either within a suspicious family group context or in patients with suggestive manifestations of this disease.
Introduction
Celiac Disease (CD) is a rare autoimmune disorder with manifestations at different levels including the central nervous system. It is a disease that is developed as a consequence of intolerance to gluten on individuals with genetic susceptibility.
Celiac disease is a permanent intolerance to gluten proteins from wheat (gliadin), barley (hordein), rye (secalin), representing 80% of wheat proteins.
Gluten contains hundreds of proteins with high prolamin content (proline glutamine), and low aminoacids concentration [1] .
Genetic Factors
HLA genes are among the best characterized in the development of the disease. HLA is thought to contribute to the development of celiac disease on 36 percent of siblings [18] .
In most populations studies, patients express the HLA-DQ2 heterodimer encoded by the DQA1*05 and DQB1*02 alleles. The DQ2 is present in about 30% of the general population [19] . HLA-DQ2 negative patients are usually positive (5%) for the HLA-DQ8 encoded by the DQA1*03 and DQB1*0302 alleles [20] [21] .
Another group of non-HLA genes can also intervene in CD development. Regions 5q 31-33 (CELIAC2) and 2q32 (CELIAC3) are some of the most characteristic.
The CELIAC2 region contains a group of cytokines encoding genes, which may intervene in regulating the immune system and the inflammation [22] . Multiple potentially functional genes variants IL4, IL5, IL9, IL13, IL17B all in the CELIAC2 locus, were typified in the Irish population, but none of variants showed association with the disease [23] .
The CELIAC3 region located on the 2q33 chromosomal region contains CD28, CTL4 lymphocytic response regulating genes, controlling T cell response aspects. The union of CD28 with its ligands generates a positive signal for cytokines activation and proliferation [24] .
Another gene involved is CELIAC4 located on the 19p 13.1 chromosomal region. This region contains over 140 genes, and some which are part of the immune response.
The best CELIAC4 region candidate is the MYO9B gene for myosin molecule involved in the remodeling of enterocytes [25] [26] .
In relation to other elements involved in the development of Celiac Disease as infectious agents have adenovirus serotype 12, and rotavirus; other elements involved are the quality of ingested gluten, the amount of ingested gluten, pregnancy, emotional stress, menopause, gastrointestinal infections antibiotic use, and drug as isotretinoin.
Diagnosis
The diagnosis of celiac disease is established based on clinical history, serologic studies, and intestinal biopsy. It is important to Differential diagnosis of other diseases such as immunological infectious diseases, autoimmune neoplastic among others ( Table 1) . Table 1 . Differential diagnoses.
• Autoimmune enteropathy 
Diagnosis Test
General diagnosis includes a series of serological, genetic response tests to gluten-free diet, and intestinal biopsy when serologic tests are not sufficient.
Among serologic tests we have anti-gliadin antibodies (AGA), seldom requested on account of their low sensitivity and specificity [27] , antiendomysial antibodies (EMA) [28] , (which are requested along with total immunoglobulin A (IgA) serum level, due to frequent deficit in CD patients), and tissue antitransglutaminase (tTGA) [29] , both with a high sensitivity and specificity.
Peptide gliadindetermination is a new technique for IgA deficient patients [30] [31]. CD is closely linked to the HLA region; the highest titles are set for the HLADQ2, while the remaining titles are for the DQ8 (Figure 1) .
It has been suggested that these markers not only indicate genetic susceptibility, also are useful in diagnosing patients when it is not clear after intestinal biopsy [32] [33] .
Only in some cases, diagnosis is established by duodenum biopsies; as a result of histological injuries just as the physiopathological characteristics in 1992 Marsh designed a system to classify morphological changes secondary to gluten enteropathy; this was modified by Oberhauer, in 1999. This system integrated physiopathology with histological alterations [34] ( Table 2 ).
Clinical Manifestations
Time has provided several concepts on CD forms of presentation (typical, atypical, potential silent and latent CD, among others). Based on the heterogeneity of these terms, in 2013, Oslo experts published the results consensus which homogenized CD related definitions. The consensus accepts the terms:
Asymptomatic CD defined by the absence of clinical manifestations: defined by the absence of clinical manifestations in spite of the existence of a lesion; it is diagnosed by serological studies and biopsy on populations potentially positive for CD development (equivalent to the silent CD concept).
Classic CD is characterized by symptoms of malabsorption, diarrhea, steatorrhea, weight loss, lack of growth and hypoalbuminemia.
Non-classic CD refers to CD patients without malabsorption signs or symptoms. Mono-symptomatic disease patients (expecting diarrhea or steatorrhea may fall in this classification). Subclinical CD found below the clinical detection threshold, refers to CD patients with extra-intestinal manifestations.
Potential CD includes patients with positive serology but with normal intestinal biopsy. Symptomatic CD is characterized by gastrointestinal symptoms and/or extra-intestinal symptoms caused forgluten ingestion [35] .
Associated Pathologies
Different pathologies associated with CD are described in the same manner:
• Psoriasis.
• Squamous cell carcinoma.
• Osteoporosis.
• Systemic Lupus Erythematosus.
• Sjogren's syndrome.
• Non-Hodgkin Lymphoma.
• Autoimmune thyroiditis.
• Polymyositis.
• Primary biliary cirrhosis.
• Adisson disease.
• Alopecia areata.
• Small Intestine Adenocarcinoma. 
Epilepsy
Epilepsy prevalence increase on celiac disease is unclear. When compared to the general population it is thought to be 1.2% to 5% higher. Epilepsy associated to later brain calcifications has been described as a rare entity in celiac disease [42] , (Figure 2) where the reduction of secondary folate levels due to poor absorption is considered the reason of such calcifications [43] ; however on another theory silica toxicity seems to play an important role in the pathogenesis both on the calcifications and on the seizures [44] .
The types of epilepsy in these patients can be focal or generalized, with significant variability on the electroencephalographic findings [45] .
Cephalea
In celiac disease patients, migraines have been described on a series of cases and controls. In one study, migraines were present in 40 out of 188 celiac disease patients (21%), when comparing with 13 out of 178 controls (7%) [46] .
On another pediatric population study, no differences were observed on the presence of celiac disease in 100 children with migraines and 1500 controls, considering 2% for both groups [47] .
Another study performed on the adult population showed that out of 90 migraines patients, 4 had celiac disease [4.4%], in comparison 1 out of 236 controls [0.4%] [48] .
Currently there are some discrepancies over the real prevalence of this entity on the migraines, and over the most appropriate therapeutic plan. In a study conducted on the pediatric population, 16 patients (9 with migraines, 6 with non-specific cephalea) [49] , the symptoms were resolved or improved significantly with a gluten-free diet. In the same manner, the presence of cephalea and brain imagining alterations have been described on gluten sensitive patients [50] .
Myopathy
The association between myopathy and CD is rare; at present we only isolated cases have been reported [51] [52]. A report on 13 patients with symptoms and signs of myopathy, 3 of those patients had neuropathybesides the myopathy, with or without ataxia; 10 patients had neurophysiologic evidence of myopathy. 1 patient had lesions suggesting myositis by inclusion bodies. These 6 patients were treated with immunosuppressive medication, besides gluten free-diet, 5 improved and 1 remained unchanged. Among the 7 patients who were not on immunosuppressive therapy, 4 showed improvements from the myopathy with a gluten-free diet [53] .
Cerebellar Ataxia
Ataxia is the most frequent neurological manifestation; on the original description made by Cooke and Smith in 1966 [54] , several patients had sensory ataxia however 3 of them had cerebellar ataxia. After this, numerous reports have been made on CD related ataxia [55] - [57] .
Vitamin E deficiency has been considered one of the mechanisms responsible for this symptom, on account of relationship to patients with CD, and the improvement in some cases after its reposition [58] ; an immune mechanism has also been suggested in which AGAs are considered neurotoxic [59] .
In CD related ataxia, antibodies against the Purkinje cells have been shown compromising the cerebellum deep cores.
In this phenomenon we can observe how gliadin proteins and Purkinje cells share common epitopes. Common epitopes were also shown between the giadin proteins and the enterocytes [60] .
Progressive Myoclonic Ataxia [Ramsay HUNT Syndrome]
There are a number of reports where the association of progressive myocolinic ataxia and celiac disease is present [61] . Lu et al. reported 2 patients with Ramsay Hunt syndrome, in all there was a CD associated absorption disorder [62] . Tijssen et al. described 3 myoclonus patients; 2 had progressive ataxic syndrome and celiac disease; the 3 could have had CD with low B12 [63] . Bhatia KP et al. reported 4 patients with progressive myoclonic ataxia and CD; on them the symptoms persisted despite a gluten-free diet; plasmapheresis and immunesuppressive management were conducted on 2 patients with no improvement. Post-mortem examination on1 of these patients showed selective symmetric atrophy in the cerebellar hemispheres compromising the Purkinje cells, and preservation in the brain hemispheres and brain stem [64] .
Peripheral Neuropathy
Celiac disease associated peripheral neuropathy has been reported in many cases [65] [66]; usually they are associated to distal sensitive symptoms, sensitivity loss and imbalance [67] ; peripheral neuropathy can occur even before intestinal symptoms [68] . It can also be presented as ademyelinating and axonal polyneuropathy [69] ; 50% of CD patients develop peripheral neuropathy [70] . Thawani SP et al. presented a study that took place between October 27, 2006 and February 12, 2008 , where data from small intestine biopsies was collected in different Swedish pathology departments; the risk of neuropathy was compared on 28.232 CD patients with 139,473 controls by age and sex. The results showed that celiac disease was associated to a risk 2.5 times greater than late neuropathy; also a greater risk of chronic demyelinating inflammatory neuropathy, autonomic neuropathy and mononeuritis was found, but there was no association between CD and acute inflammatory demyelinating polyneuropathy [71] .
Depression
On CD patients, the depression producing mechanism is unclear. One possibility is a reduction in tryptophan concentration [72] .
Alteration on the absorption of multiple nutrients [vitamins, amino acids] can produce a reduction in the concentration of various substances which will cause psychiatric manifestations. Morris et al. [73] , as well as Hal-lert et al. [74] were the first to describe this association. Zingone et al. [75] , and Siniscalchi et al. [76] showed depression was present on CD patients and that the symptoms persisted or worsened with a gluten-free diet.
Fera et al. [77] on an eight-year study on 100 treated patients, found a high rate of depression, which tended to improve in time, but that did not correlated with an adequate diet. Regional cerebral hypo-perfusion on CD patients, is also a condition which has been proposed as related to psychiatric conditions [78] .
Anxiety
Anxiety in CD patients was described in a meta-analysis conducted by Smith et al. [79] , where they analyzed eighteen studies on depression and eleven studies on anxiety on adulthood celiac disease, without encountering any significant difference regarding healthy adults or any other pathology.
Cannings Häuser et al. [81] conducted a study in 441 adult with CD, obtained by means of the German Celiac Society, where it was compared anxiety and depression levels in adult patients with celiac disease (CD) on a gluten-free diet (GFD) with controls. Finding anxiety in adult German female celiacs on a GFD is higher, than in persons of the German general population sample (GP).
In another study carried out by Esenyel S the levels of depression and anxiety of pediatric patients with CD and their parents do not differ from the healthy group [82] .
Schizophrenia
CD associated schizophrenia is a psychiatric disorder described many years ago [83] [84] .
In an article published in 1953, the incidence of CD was found to increase in childhood schizophrenia [85] . In a study performed by Dohan, the frequency admissions into psychiatric hospitals was surveyed during World War II in six countries undergoing wheat shortages, and the finding was a reduction in the frequency of schizophrenia related admissions [86] .
A study similarly conducted observed a genetic association factor between these two entities related to the CLDN5 and DQB1 genes [87] .
Hyperactivity and Attention Deficit Disorder [ADHD]
Pittschieler and Niederhofer evaluated a reduction of 132 CD participants from 3 to 57 years of age [M = 19.3 years] with the possibility of being ADHD-like, by using the Conner Hypescheme scale-before having a glutenfree diet and 6 months afterwards-being that non-treated ADHD-like patients with CD present an over-expression of symptoms and can significantly improve with a gluten-free diet [88] .
However in various studies the manifestations of association are not conclusive [89] [90].
Conclusions
Currently, the commitment of the central nervous system associated to CD is poorly understood. Although we have greater information on prevalence, pathogenesis, genetic factors and diagnostic tests, in some cases the physiopathological impairments responsible for neurological and psychiatric manifestations are just proposals.
Suspicion of subclinical CD is important; in some cases it is likely responsible for the etiology of multiple central nervous system pathologies. This must be taken into account especially on population groups where the prevalence is considered low.
